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Pneumonia is the leading infectious cause of death, yet little research is devoted to its 
treatment and prevention. Influenza may progress to bacterial pneumonia, but the extent of the 
contribution of bacteria to influenza associated pneumonia morbidity and mortality is unknown. 
Pneumococcal conjugate vaccine (PCV) has been used as a probe to determine the role of the 
pneumococcus in super – infection of seasonal influenza associated pneumonia. In a double 
blind randomized trial of 9 –  valent  PCV it was shown that PCV prevented clinical pneumonia 
associated influenza by 45%[1]. More recently it has been shown that States in the USA that 
quickly adopted 7 valent pneumococcal conjugate vaccination in infants had less hospitalization 
of infants in those States immediately after PCV7 introduction, than in States that were slower 
to introduce PCV7[2]. This suggests that a major fraction of influenza associated pneumonias in 
children may be due to pneumococcal super-infection. 

An analysis of the contemporary literature of the 1918 influenza pandemic suggests that, 
in contrast to prevailing wisdom today, >80% of deaths occurred > 7 days after onset of 
symptoms (influenza resolved in < 6 days in > 90% of patients). In fact, the time to mortality 
of untreated pneumococcal pneumonia follows an identical time course to the 1918 influenza 
deaths[3]. A recent audit of autopsy specimens from the 1918 epidemic found bacterial 
infection in all of 58 specimens of lung tissue that were found from influenza deaths during the 
pandemic[4].  In studies of blood cultures taken from living patients with pandemic influenza 
associated pneumonia in 1918, bacteria were isolated from blood in 16% of the patients who 
had pneumonia following influenza, compared to <1% bacteremia among the uncomplicated 
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influenza patients[5]. Furthermore, in patients from whom specimens could be cultured from 
pleural fluid or lung tissue, bacteria were found during life in 80%[5]. Among the bacterial 
species identified, the pneumococcus was predominant, being isolated in up to 50% of patients, 
with hemolytic streptococci the second most common pathogen, and staphylococci relatively 
rarely isolated[5]. A number of bacterial vaccine studies were performed during the 1918 
pandemic. These studies were poorly designed by today’s standard of randomized double blind 
trials, but a re – analysis of these studies, using influenza cases as the denominator and using 
pneumonia and death as outcomes, suggest that pneumococcal killed bacterial vaccines may 
have prevented both pneumonia and deaths[6]. 

Recent autopsy data from the current H1N1 pandemic in the USA[7] found bacteria in 29% 
of 77 confirmed deaths caused by the 2009 H1N1 influenza A pandemic. The predominant 
pathogen was again the pneumococcus followed by group A streptococci and staphylococci. As 
the US population of infants was highly immunized with PCV7 at this time with clear evidence 
of herd immunity protecting adults from non – bacteremic pneumococcal pneumonia[2], it is 
not surprising that the pneumococcal serotypes identified were largely less virulent non – PCV7  
vaccine types. A similar study of autopsies of 2009 H1N1 victims in New York found 55% to 
have bacterial co – infection[8]. Finally a smaller autopsy study from Brazil among 21 patients 
found 38% with bacterial infection detected by PCR with the pneumococcus the predominant 
pathogen[9]. Among 337 patients mechanically ventilated with H1N1 infection in Argentina, 
25% had a bacterial infection identified, with the pneumococcus the predominant bacterial 
pathogen identified and co – infection with the pneumococcus was an independent predictor of 
death[10]. Similar data have recently been reported from the UK with 40% of fatal pediatric 
cases presumed or confirmed to have bacterial co –infection[11].   Finally, a case control study 
from Brazil has found that among patients 6 to 55 years of age, controlling for co-morbidity and 
for infection with RSV, detection of the pneumococcus in the nasopharynx was associated with a 
greatly increased risk of hospitalization or death due to H1N1. These studies suggest that a large 
fraction of hospitalizations and deaths in otherwise healthy individuals during 2009 may have 
been due to bacterial co – infection, and pneumococcal infection in particular.

Reference
1. �Madhi SA, Klugman KP. A role for Streptococcus pneumoniae in virus-associated pneumonia. Nat Med 2004;10:811-3
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SESSIO
N

 1-3

Advancing solutions to evolving resistance
April 6-8, 2011  COEX, Seoul, Korea

8TH INTERNATIONAL SYMPOSIUM ON 
ANTIMICROBIAL AGENTS AND RESISTANCE

 www.isaar.org

Advancing solutions to evolving resistance
April 6-8, 2011  COEX, Seoul, Korea

8TH INTERNATIONAL SYMPOSIUM ON 
ANTIMICROBIAL AGENTS AND RESISTANCE

 www.isaar.org

Role of Streptococcus pneumoniae in the era of 
pandemic influenza

Hubert Department of Global Health, Rollins School of Public Health and Division of Infectious 
Diseases, Emory University; and  MRC/Wits University Respiratory and Meningeal Pathogens 
Research Unit, Johannesburg, South Africa

Pneumonia is the leading infectious cause of death, yet little research is devoted to its 
treatment and prevention. Influenza may progress to bacterial pneumonia, but the extent of the 
contribution of bacteria to influenza associated pneumonia morbidity and mortality is unknown. 
Pneumococcal conjugate vaccine (PCV) has been used as a probe to determine the role of the 
pneumococcus in super – infection of seasonal influenza associated pneumonia. In a double 
blind randomized trial of 9 –  valent  PCV it was shown that PCV prevented clinical pneumonia 
associated influenza by 45%[1]. More recently it has been shown that States in the USA that 
quickly adopted 7 valent pneumococcal conjugate vaccination in infants had less hospitalization 
of infants in those States immediately after PCV7 introduction, than in States that were slower 
to introduce PCV7[2]. This suggests that a major fraction of influenza associated pneumonias in 
children may be due to pneumococcal super-infection. 

An analysis of the contemporary literature of the 1918 influenza pandemic suggests that, 
in contrast to prevailing wisdom today, >80% of deaths occurred > 7 days after onset of 
symptoms (influenza resolved in < 6 days in > 90% of patients). In fact, the time to mortality 
of untreated pneumococcal pneumonia follows an identical time course to the 1918 influenza 
deaths[3]. A recent audit of autopsy specimens from the 1918 epidemic found bacterial 
infection in all of 58 specimens of lung tissue that were found from influenza deaths during the 
pandemic[4].  In studies of blood cultures taken from living patients with pandemic influenza 
associated pneumonia in 1918, bacteria were isolated from blood in 16% of the patients who 
had pneumonia following influenza, compared to <1% bacteremia among the uncomplicated 

SESSIO
N

 1-3
30 |  31   ISAAR 2011 

---
Keith Klugman
Emory University, USA

influenza patients[5]. Furthermore, in patients from whom specimens could be cultured from 
pleural fluid or lung tissue, bacteria were found during life in 80%[5]. Among the bacterial 
species identified, the pneumococcus was predominant, being isolated in up to 50% of patients, 
with hemolytic streptococci the second most common pathogen, and staphylococci relatively 
rarely isolated[5]. A number of bacterial vaccine studies were performed during the 1918 
pandemic. These studies were poorly designed by today’s standard of randomized double blind 
trials, but a re – analysis of these studies, using influenza cases as the denominator and using 
pneumonia and death as outcomes, suggest that pneumococcal killed bacterial vaccines may 
have prevented both pneumonia and deaths[6]. 

Recent autopsy data from the current H1N1 pandemic in the USA[7] found bacteria in 29% 
of 77 confirmed deaths caused by the 2009 H1N1 influenza A pandemic. The predominant 
pathogen was again the pneumococcus followed by group A streptococci and staphylococci. As 
the US population of infants was highly immunized with PCV7 at this time with clear evidence 
of herd immunity protecting adults from non – bacteremic pneumococcal pneumonia[2], it is 
not surprising that the pneumococcal serotypes identified were largely less virulent non – PCV7  
vaccine types. A similar study of autopsies of 2009 H1N1 victims in New York found 55% to 
have bacterial co – infection[8]. Finally a smaller autopsy study from Brazil among 21 patients 
found 38% with bacterial infection detected by PCR with the pneumococcus the predominant 
pathogen[9]. Among 337 patients mechanically ventilated with H1N1 infection in Argentina, 
25% had a bacterial infection identified, with the pneumococcus the predominant bacterial 
pathogen identified and co – infection with the pneumococcus was an independent predictor of 
death[10]. Similar data have recently been reported from the UK with 40% of fatal pediatric 
cases presumed or confirmed to have bacterial co –infection[11].   Finally, a case control study 
from Brazil has found that among patients 6 to 55 years of age, controlling for co-morbidity and 
for infection with RSV, detection of the pneumococcus in the nasopharynx was associated with a 
greatly increased risk of hospitalization or death due to H1N1. These studies suggest that a large 
fraction of hospitalizations and deaths in otherwise healthy individuals during 2009 may have 
been due to bacterial co – infection, and pneumococcal infection in particular.

Reference
1. �Madhi SA, Klugman KP. A role for Streptococcus pneumoniae in virus-associated pneumonia. Nat Med 2004;10:811-3
2. �Simonsen L, Taylor RJ, Young-Xu Y, Haber M, May L and Klugman KP. Impact of pneumococcal conjugate vaccination of 



April 6, 2011 (WED)
08:30-10:30  

_________

COEX, Main Auditorium

SEOUL

SESSIO
N

 2

SESSION 2

MRSA IN THE HOSPITAL AND THE COMMUNITY : 
THE RETURN OF THE KING

S2-1 Nosocomial MRSA : the classic threat in the hospital continues
Hui Wang  Peking University People's Hospital, P.R. China

S2-2 Community-associated MRSA : A clear and present danger
Keryn Christiansen  Royal Perth Hospital, Australia

S2-3 SCCmec : Diversity and Evolution
Teruyo Ito  Juntendo Univesity, Japan

S2-4 Treatment Options for MRSA Infections
Robert Moellering  Harvard Medical School, USA

32 |  33   ISAAR 2011 

SESSIO
N

 1-3

Advancing solutions to evolving resistance
April 6-8, 2011  COEX, Seoul, Korea

8TH INTERNATIONAL SYMPOSIUM ON 
ANTIMICROBIAL AGENTS AND RESISTANCE

 www.isaar.org

infants on pneumonia and influenza hospitalization and mortality in all age groups in the United States
    mBio 2011;2:In press.
3. �Klugman KP, Astley CM and Lipsitch M. Time from illness onset to death, 1918 influenza and pneumococcal pneumonia. 

Emerg Infect Dis 2009;15:346-7
4. �Morens DM, Taubenberger JK and Fauci AS. Predominant role of bacterial pneumonia as a cause of death in pandemic 

influenza: implications for pandemic influenza preparedness. J Infect Dis 2008;198:962-70
5. �Chien YW, Klugman KP and Morens DM. Bacterial pathogens and death during the 1918 influenza pandemic. N Engl J Med 

2009;361:2582-3
6. �Chien YW, Klugman KP and Morens DM. Efficacy of whole-cell killed bacterial vaccines in preventing pneumonia and death 

during the 1918 influenza pandemic. J Infect Dis 2010;202:1639 - 48
7. �Bacterial coinfections in lung tissue specimens from fatal cases of 2009 pandemic influenza A (H1N1) - United States, May-

August 2009. MMWR Morb Mortal Wkly Rep 2009;58:1071-4
8. �Gill JR, Sheng ZM, Ely SF, et al. Pulmonary pathologic findings of fatal 2009 pandemic influenza A/H1N1 viral infections. 

Arch Pathol Lab Med;134:235-43
9. �Mauad T, Hajjar LA, Callegari GD, et al. Lung pathology in fatal novel human influenza A (H1N1) infection. Am J Respir 

Crit Care Med;181:72-9
10. �Estenssoro E, Rios FG, Apezteguia C, et al. Pandemic 2009 influenza A in Argentina: a study of 337 patients on mechanical 

ventilation. Am J Respir Crit Care Med;182:41-8
11. �Sachedina N, Donaldson LJ. Paediatric mortality related to pandemic influenza A H1N1 infection in England: an 

observational population-based study. Lancet;376:1846-52


